Ectopic adrenocorticotropic hormone (ACTH) production leading to ectopic ACTH syndrome accounts for a small proportion of all Cushing's syndrome (CS) cases. Thymic neuroendocrine tumors are rare neoplasms that may secrete ACTH leading to rapid development of hypercortisolism causing electrolyte and metabolic abnormalities, uncontrolled hypertension and an increased risk for opportunistic infections. We present a unique case of a patient who presented with a mediastinal mass, revealed to be an ACTH-secreting thymic neuroendocrine tumor (NET) causing ectopic CS. As the diagnosis of CS from ectopic ACTH syndrome (EAS) remains challenging, we emphasize the necessity for high clinical suspicionintheappropriatesetting,concordancebetweenbiochemical,imagingandpathologyfindings,alongwith continuedvigilantmonitoringforrecurrenceafterdefinitivetreatment.
Summary
Ectopic adrenocorticotropic hormone (ACTH) production leading to ectopic ACTH syndrome accounts for a small proportion of all Cushing's syndrome (CS) cases. Thymic neuroendocrine tumors are rare neoplasms that may secrete ACTH leading to rapid development of hypercortisolism causing electrolyte and metabolic abnormalities, uncontrolled hypertension and an increased risk for opportunistic infections. We present a unique case of a patient who presented with a mediastinal mass, revealed to be an ACTH-secreting thymic neuroendocrine tumor (NET) causing ectopic CS. As the diagnosis of CS from ectopic ACTH syndrome (EAS) remains challenging, we emphasize the necessity for high clinical suspicionintheappropriatesetting,concordancebetweenbiochemical,imagingandpathologyfindings,alongwith continuedvigilantmonitoringforrecurrenceafterdefinitivetreatment.
Correspondence should be addressed toLLawrence Email lawrenl4@ccf.org
Learning points:
• • Functional thymic neuroendocrine tumors are exceedingly rare.
• • Ectopic Cushing's syndrome secondary to thymic neuroendocrine tumors secreting ACTH present with features of hypercortisolism including electrolyte and metabolic abnormalities, uncontrolled hypertension and hyperglycemia, and opportunistic infections.
• • The ability to undergo surgery and completeness of resection are the strongest prognostic factors for improved overall survival; however, the recurrence rate remains high.
• • A high degree of initial clinical suspicion followed by vigilant monitoring is required for patients with this challenging disease.
Background
Cushing's syndrome (CS) results in hypercortisolism as a result of excess glucocorticoid production from endogenous sources (adrenals, pituitary, ectopic) or exogenous administration. The incidence of endogenous CS varies from 0.2 to 5 cases per million per year, with a median age of onset around 41.4 years and a female preponderance in a 3:1 ratio (1). CS may be ACTH-dependent or ACTHindependent from adrenal origin. Cushing disease (CD) due to an ACTH-secreting pituitary adenoma are more commonly seen compared to ectopic ACTH syndrome (EAS), while corticotropin-releasing hormone producing tumors causing CS are exceedingly rare (<1%). Liddle and colleagues first described 'ectopic 'adrenocorticotropin' produced by nonpituitary neoplasms as a cause of Cushing's syndrome' in 1962 (2) . EAS is most commonly seen in association with small cell lung carcinoma or carcinoid tumors originating in the lungs or gastrointestinal tract. While the clinical presentation of CS is highly variable making diagnosis challenging, it is crucial that patients with EAS are identified and treated in a timely manner. 
Case presentation
A 54-year-old gentleman presented to the emergency department with new-onset oral thrush and right-sided facial swelling after dental work. He had extensive recent evaluation for various complaints including weight gain, near-syncopal episodes, pleuritic chest pain and exertional dyspnea. Eight months ago, patient presented to his dermatologist with increasing photosensitivity and darkening of the skin. A high ACTH level was noted, which led to additional evaluation with 24 h urinary free cortisol ( Table 1 ). The patient was referred to endocrinology for further testing but failed to do so. One month after the abnormal adrenal testing results, a chest X-ray following a motor vehicle accident revealed a mediastinal mass measuring approximately 13.5 × 11.0 cm. Computed tomography (CT) chest confirmed a large anterior mediastinal mass measuring 10.7 × 6.3 cm in transverse and anteroposterior dimensions and 11.0 cm in craniocaudad dimensions, extending above the level of the clavicle and displacing the trachea to the right. No hilar, paratracheal, axillary or subpectoral lymphadenopathy was noted. A biopsy performed at an outside hospital via video-assisted thoracoscopic surgery revealed well-differentiated adipose tissue. However, a question was raised by the pathologist about possible sampling error as the biopsied material could represent normal adipose tissue adjacent to or associated with an unsampled neoplasm.
Investigation
During the current inpatient admission, patient reported proximal muscle weakness, myalgias and unintentional central weight gain of 25 pounds. Physical exam was remarkable for an obese man with a cushingoid appearance, facial fullness and plethora. He had dorsocervical and supraclavicular fat pads with hyperpigmentation of the sun-exposed regions. No abdominal striae, lower extremity edema or proximal muscle weakness was noted on strength testing. Labs revealed severe hypokalemia refractory to replacement, metabolic alkalosis, rhabdomyolysis and leukocytosis without fever. Given the clinical presentation, labs and history of elevated ACTH with a mediastinal mass, there arose a concern for ectopic ACTH production resulting in CS. Repeat random cortisol and ACTH were elevated and remained non-suppressed after an 8 mg dexamethasone suppression test (Table 1) . Prior CT chest images were reviewed to localize the source of ectopic cushings, which revealed that the mediastinal mass lacked fat attenuation, inconsistent with the presumed prior diagnosis of lipoma. Repeat imaging redemonstrated an 11.7 × 7.9 cm bilobed anterior mediastinal mass extending above the thoracic inlet with extrinsic compressive effect on the esophagus and trachea. Bilateral hilar and perihilar lymphadenopathy was noted along with new-onset bilateral adrenal hyperplasia (Fig. 1) . Wholebody positron emission tomography (PET)-CT revealed a mild-to-moderately fludeoxyglucose (FDG) avid mass extending across the anterior mediastinum, with symmetric thickening and hypermetabolism of the adrenal glands, likely due to adrenal hyperplasia (Fig. 2) . Magnetic resonance imaging (MRI) of the pituitary noted normal size and configuration of the pituitary gland without evidence of an adenoma or suprasellar mass (Fig. 3) . 
Outcome and follow-up
Pathology revealed a large thymic neuroendocrine carcinoma measuring 12.5 × 8.0 × 4.5 cm with less than two mitoses per ten high power fields without necrosis and a Ki proliferative index of 5%. According to the World Health Organization (WHO) classification of NETs, based on mitotic count and absence of necrosis, the tumor was classified as a typical low-grade carcinoid (3, 4) . Staging was classified as T3N1M0 due to direct invasion of the tumor into the lung and metastases to regional lymph nodes in the anterior mediastinum. Immunohistochemical staining for ACTH on a single block of tumor was negative; however, it is likely that ACTH is variably expressed in different regions of this large tumor (Figs 4 and 5). As the mass was completely excised with only microscopicpositive margins (R1 resection), postoperative radiation was not recommended as adjuvant treatment. Radiation has not been shown to affect overall survival for resected typical carcinoid tumors, regardless of nodal involvement or tumor size. This collaborative recommendation was made during a multidisciplinary meeting, and active surveillance was initiated. Patient has had regular follow-up for the past 8 months after hospital discharge, with remarkable improvement in electrolyte abnormalities, weight loss greater than 
Discussion
We present a unique case of ectopic CS caused by an ACTH-secreting thymic NET initially misdiagnosed as a lipoma. Thymic NETs are exceedingly rare accounting for 2% of all mediastinal tumors and 5% of all thymic tumors. Thymic NETs are three times more commonly seen in men, with a peak incidence around 54 years of age, and are biochemically active in 30-50% of all cases (5). EAS from thymic NETs are seen in 40-50% of hormonally active thymic NETs. A meta-analysis of EAS cases reported in literature have suggested a slight male preponderance and earlier presentation in the second and third decades of life (6) . EAS from thymic NETs have a worse outcome than biochemically inactive thymic tumors, likely due to its inherent aggressiveness coupled with the devastating metabolic derangements resulting from CS. Patients present with features of severe, rapidonset hypercortisolism including profound hypokalemia due to the action of cortisol on mineralocorticoid receptors, metabolic alkalosis, resistant hypertension, hyperglycemia, hyperpigmentation, edema and proximal muscle weakness, while features of longterm hypercortisolism such as significant weight gain, obesity and violaceous striae are infrequently seen (7). Hypercortisolemia also places these patients at increased risk for bacterial or opportunistic infections, as noted in our patient who presented with oral thrush in the absence of human immunodeficiency virus infection (8) .
Investigation of EAS begins with clinical suspicion confirmed with biochemical evidence of hypercortisolism and elevated ACTH, followed by localization of the source: pituitary versus ectopic. Various case series have established that an ACTH level >200 pg/mL suggests EAS over CD (9) . Imaging studies including CT, 18 FDG PET or 68 Ga-DOTATATE PET are useful in visualizing the extent of tumor and evaluating metastatic disease. Complete R0 surgical resection is the only curative method, while the ability to undergo surgery and completeness of the resection are the strongest prognostic factors for improved overall survival (5). Unfortunately, even with radical surgery and lymph node dissection, the recurrence rate remains high. Incompletely resected tumors may be treated with postoperative chemotherapy and radiation; however, no statistically significant improvement in outcomes are seen with adjuvant therapy. Therefore, patients with EAS from thymic NETs have a challenging condition that need aggressive surgical resection followed by close monitoring to evaluate for recurrence of disease.
Our patient was initially found to have biochemical evidence of hypercortisolism and failed to follow-up with endocrinology as recommended. Subsequently, a large mediastinal mass was discovered and falsely identified as a lipoma due to sampling error on biopsy. Finally, eight months after detection of elevated cortisol, and six months after discovery of the mediastinal mass, the patient underwent definitive surgical resection of the thymic NET causing ectopic CS. There are several unique features of this case that warrant emphasizing. The mediastinal mass was falsely identified as a lipoma due to sampling error on biopsy in spite of the biochemical evidence of hypercortisolism, and imaging characteristics on CT where the mediastinal mass lacked fat attenuation, inconsistent with the presumed diagnosis of lipoma. This highlights the need for a high clinical suspicion for CS in the appropriate setting and to evaluate the biochemical, imaging and pathology results cohesively to ensure the findings lead to a unified diagnosis. On initial presentation, the patient was found to have severe electrolyte abnormalities including refractory hypokalemia and metabolic alkalosis. Preoperative management of the patient included addressing the hypercortisolemia with ketoconazole and mifepristone. This combination therapy is typically contraindicated as both drugs can lead to QT prolongation and strong inhibition of CYP3A by ketoconazole, which increases the levels of mifepristone in the blood (10) . However, concurrent therapy in this patient was medically necessary to rapidly ameliorate severe hypercortisolism, and patient was monitored very closely for medication tolerability in an inpatient setting. Although medical treatment of CS is possible by inhibition of ACTH secretion (octreotide, pasireotide, cabergoline), inhibition of adrenal steroidogenesis (ketoconazole, metyrapone, mitotane, etomidate) or by glucocorticoid receptor blockade (mifepristone), the definitive treatment of ectopic CS is by surgical removal of the tumor. Emergency treatment of severe ectopic CS may require combination therapy or parenteral etomidate under vigilant supervision in an intensive care unit setting. Bilateral adrenalectomy may be considered in select patients with uncontrolled, life-threatening hypercortisolemia refractory to medical management.
We present a case of EAS due to a large thymic NET initially misdiagnosed as a lipoma. Our patient underwent successful surgical resection of the tumor with the development of postoperative adrenal insufficiency and subsequent recovery of adrenal function. As the diagnosis of CS from EAS remains challenging, we emphasize the need for high clinical suspicion in the appropriate setting, confirmation of the diagnosis on biochemical, imaging and pathology findings, along with continued vigilant monitoring for recurrence.
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